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Introduction
Nasopharyngeal carcinoma (NPC) is a common tumor in head and neck. It has an unusually high incidence in southern China. Cervical lymph node metastasis in the earlier period is a predominant clinical characteristic of nasopharyngeal carcinoma. Diffusion and metastasis play an important role in unfavourable prognosis of nasopharyngeal carcinoma. It is not clear that the mechanism of invasion and metastasis in nasopharyngeal carcinoma. Recent study demonstrated that energy metabolism is noticeable enhance in malignant cells compare to those in the normal cells, especially glycometabolism. 1 Positron emission tomography (PET) imaging technology has been widely applied on early diagnosis of tumor and neurodegenerative disease. 2, 3 The rationale is base on the change of glucose metabolism in cancer patients and neurodegenerative disease patients. Pentose phosphate pathway (PPP) is an important biochemical pathway in glucose metabolism. The nonoxidative part of the PPP is controlled by transketolase enzyme reactions. It have been identified that transketolase proteins and transketolase enzyme reactions are related to cancer. 4 Three transketolase genes (Transketolase TKT, transketolaselike-1 TKTL1, transketolase-like-2 TKTL2) have been recognised. Coy et al, 4 documented that TKTL1 was specifically upregulated in malignancies at mRNA and protein level, whereas TKT and TKTL2 expression were not upregulated. Langbein et al, 5 found that TKTL1 expression was correlated to invasive colonic urothelial tumors and to poor patient outcome. Our previous study demonstrated that TKTL1 plays an important role in total transketolase activity and proliferation of tumor cells in human colon cancer and hepatoma cell line. 6, 7 PET has successfully been applied in diagnosis of nasopharyngeal carcinoma (include recurrence, metastasis and therapeutic effect). But, the relative contributions of transketolase gene family to energy metabolism and proliferation of nasopharyngeal carcinoma cell have not been investigated.
In the present study, we provide evidence that TKTL1 mRNA is specifically overexpressed in nasopharyngeal carcinoma, whereas TKT and TKTL2 expression are not upregulated. Moreover, we found that transketolase activity was significantly reduced, and cell proliferation was remarkably inhibited after anti-TKTL1 siRNA treatment in nasopharyngeal carcinoma cells. Our findings strongly indicate that overexpression of TKTL1 play an important role in total transketolase activity and occurrence and progression of tumor in NPC.
Results
Real-time quantification of expression of transketolase family members in NPC and chronic nasopharyngitis tissues. The relative expression level of each member of the transketolase gene family was determined by real-time PCR in NPC and chronic nasopharyngitis tissues. The expression level of the TKT and TKTL2 gene was no significant difference between chronic nasopharyngitis tissues and NPC tissues. While, the expression level of the TKTL1 gene in NPC was higher than that in chronic nasopharyngitis tissues ( Figs.  1 and 2 ). ANOVA showed that there was no significant difference in the expression level of the TKTL1 gene among the samples from patients with different TNM stages (p > 0.05). While, the expression level of the TKTL1 gene in the tissues from patients with metastasis of lymphoid node was higher than the expression in the tissues from patients without metastasis of lymphoid node (p < 0.01) (Data not shown).
The mRNA expression of transketolase gene family members in human NPC cells. The relative expression of each member of TKT gene family was determined by real-time PCR in CNE cells. The expression levels of the three genes in CNE cells without transfection were very close to that in the cells transfected with control vector. No significant difference in expression of TKT and TKTL2 genes was noted among the four kinds of CNE cells (p > 0.05). The expression level of the TKTL1 gene was, however, significantly downregulated in the CNE cells transfected with siRNA TKTL1 construct as compared with the cells transfected control plasmid, vacant plasmid and untransfected cells (p < 0.01) (Figs. 3 and 4) . These results indicated that the expression of TKTL1 mRNA was inhibited by anti-TKTL1 siRNA in CNE cells.
Transketolase activity in the NPC and chronic nasopharyngitis tissues. Transketolase activity was measured in the NPC and chronic nasopharyngitis tissues in order to estimate the role of transketolase in the tumorgenesis of NPC. It was found that transketolase activity in the NPC (21.6 ± 2.8) is significantly higher than that in the chronic nasopharyngitis tissues (6.2 ± 1.3) (p < 0.01). ANOVA showed that there was no significant difference in the TK activity among the samples from NPC patients with different TNM stages (p > 0.05). The transketolase activity in the tissues from patients with metastasis of lymphoid node (26.5 ± 3.2) was significantly higher than that in the tissues from patients without metastasis of lymphoid node (17.6 ± 2.1) (p < 0.01).
Transketolase activity in human NPC cells. In order to estimate whether TKTL1 play an important role in the total transketolase activity, we transfected CNE cell line with pEGFP-C1-U6 carrying siRNA, or pEGFP-C1-U6 carrying UC plasmid, or pEGFP-C1-U6 vacant plasmid,respectively. The total transketolase activity was measured in each group CNE lines. We found that no significant difference existed in total transketolase activity among CNE cells transfected pEGFP-C1-U6 carrying UC plasmid DNA, pEGFP-C1-U6 vacant plasmid and cells without transfection. In contrast, the total transketolase activity was significantly decreased in the cells transfected pEGFP-C1-U6 carrying siRNA (Fig. 5) .
The effect of siRNA TKTL1 on cell cycle in CNE cell line. To estimate the effect of siRNA TKTL1 on cell cycle we transfected CNE cell line using above different plasmids. Each test was repeated three times. In comparison to CNE cells transfected pEGFP-C1-U6 carrying UC plasmid DNA, pEGFP-C1-U6 vacant plasmid, or cells without transfection, after transfection with pEGFP-C1-U6 carrying siRNA, the percentage of apoptotic cells and G 0 /G 1 stage cells was increased, and the percentage of S stage cells showed no significant change, while the percentage of G 2 /M stage cells was significantly reduced (Fig. 6 ).
The effect of siRNA TKTL1 on cell proliferation in CNE cell line. To examine the proliferation of cells, the absorption values of one culture plate from each group cells were detected by using MTT Figure 1 . Real-time quantification of expression of transketolase family members in NPC and chronic nasopharyngitis tissues. CNP, chronic nasopharyngitis tissues; NPC, nasopharyngeal carcinoma tissues. Analysis of relative gene Expression data using the 2 -ΔΔCT Method. Normalized target gene amount in NPC tissues relative to CNP tissues was expressed by 2 -ΔΔCT . The expression level of the TKT and TKTL2 gene was no significant different between chronic nasopharyngitis tissues and NPC tissues. While, the expression level of the TKTL1 gene in NPC was higher than that in CNP tissues. at 490 nm on daily basis for a period of five days. The growth curve of each cell group showed that cell proliferation was slower in the cells transfected siRNA TKTL1 construct than the cells transfected pEGFP-C1-U6 carrying UC plasmid DNA, pEGFP-C1-U6 vacant plasmid, or cells without transfection (Fig. 7) . These results suggested that proliferation of CNE cells were inhibit by transfected siRNA TKTL1 construct.
Discussion
In 65 nasopharyngeal carcinoma and 9 chronic nasopharyngitis tissues we tested, the expression level of the TKT and TKTL2 gene was no significant difference between chronic nasopharyngitis and NPC tissues. While, the expression level of the TKTL1 gene in NPC was higher than the expression in chronic nasopharyngitis tissues. Moreover, the expression level of the TKTL1 gene in NPC tissues correlated with cervical lymph node metastasis. These results demonstrated that TKTL1 upregulated correlates with occurrence and metastasis of NPC. To determine whether TKTL1 expression correlates with proliferation of tumor cell in NPC, we transfects CNE cells with anti-TKTL1 siRNA. It was found that the expression level of the TKTL1 gene was significantly downregulated in the CNE cells, and proliferation of CNE cells were significantly inhibited. In order to estimate what role TKTL1 played in total transketolase activity, we detected the total transketolase activity of each NPC tissue and CNE cells. It demonstrated that total transketolase activity correlated with the expression level of TKTL1. These results indicated that TKTL1 play an important role in total transketolase activity and invasion and progress of tumor in NPC.
Why dose TKTL1 overexpression correlated with tumor invasion and metastasis? Our study found that TKTL1 play an important role in total transketolase activity. Tansketolase is a key enzyme of the PPP. The transketolase enzyme reactions and other reactions of the PPP allow glucose conversion to ribose for nucleic acid synthesis and generate NADPH. The two products of the PPP are required for growing tumor cells. In addition, anaerobic conditions are often present in tumor and limit the tumor growth, the nonoxidative part of the PPP allows anaerobic glucose degradation. Coy et al, 4 found that tumor cells which upregulate transketolase enzyme reactions can use glucose as an energy source through nonoxidative generation of ATP. Boros et al, 10 found that the PPP directly involved in degradation of glucose and play a crucial role in nucleic acid ribose synthesis utilising glucose carbons in tumor cells. Moreover, more than 85% of ribose recovered from nucleic acids of certain tumor cells is generated directly or indirectly from the non-oxidative pathway of the PPP. Using metabolic control analysis methods and oxythiamine, CominAnduix et al, 11 demonstrated that transketolase enzyme reactions determine cell proliferation in the Ehrlich's ascites tumor model.
A acid-mediated tumor invasion model has been postulated to explain the invasion of tumor. 12 Warburg proposed a model of tumorigenesis involving altered energy production 80 years ago, 13 it has been well established that tumors consistently rely on anaerobic pathways to convert glucose to ATP even in the presence of abundant oxygen. The transformed tumor metabolism with increased glycolysis and acid excretion alters the microenvironment by substantially reducing intratumoral pHe. 14 Generally, a persistent pHe below 7.1 results in death of normal cells because of a p53-dependent apoptosis pathway triggered by increased caspase activity. 15 However, tumor cells are relatively resistant to acidic pHe presumably because of mutations in p53 or other components of the apoptotic pathway. Moreover, tumor cells exhibit a maximum proliferation rate in relatively acidic medium. 16 H + ions produced by the tumor diffuse along concentration gradients into adjacent normal tissues probably carried by a buffering species. Through a variety of mechanisms, acidification of the extracellular environment leads to destruction of the normal tissue. This includes normal cell death, promotion of angiogenesis, extra-cellular matrix degradation and inhibition of immune function. Thus, the anaerobic pathways allow the tumor cell to move from the acidic microenvironment of a premalignant lesion to adjacent normal tissue. Malignant cells characteristically exhibit an increased reliance on anaerobic metabolism of glucose to lactic acid even in the presence of abundant oxygen. The malignant cells maintain ATP production by increasing glucose flux because anaerobic metabolism of glucose to lactic acid is substantially less efficient than oxidation to CO 2 and H 2 O. It forms the basis for tumor imaging with FDG-PET. PET imaging has demonstrated a direct correlation between tumor aggressiveness and the rate of glucose consumption. 17, 18 It is now widely applied to human cancers because the vast majority of primary and metastatic tumors demonstrate substantially increased glucose uptake compared with normal tissue. In addition, the PET technology is also being clinically applied for the detection of a reduced glucose metabolism. In Alzheimer's disease patients a reduced cerebral glucose metabolism can be visualized in several cortical regions, even before the onset of clinical symptoms. 3 An altered glucose metabolism as well as altered transketolase proteins/ enzymes has been detected in cancer, neurodegenerative diseases and diabetes. Coy found that there is a common molecular and biochemical base for these diseases. He postulated a novel metabolic pathway, which links tumor metabolism, chronic diabetic complications, vascular damage, aging and neurodegenerative diseases. The metabolic pathway is base on the TKTL1.
In a word, our study results are consistent with a TKTL1-based metabolic pathway in human malignancies tumor. TKTL1 plays an important role in total transketolase activity and proliferation of tumor cells in NPC. Metabolic control analysis and inhibition of transketolase enzyme reactions have already shown that tumor proliferation can be inhibited by anti-transketolase approaches. 11, 19 The most effective way to inhibit tumour proliferation should be to block the generation of energy for tumor growth. We believe future TKTL1 gene might become a novel hot spot of study in anticancer therapy.
Material and Methods
Tissue samples. Sixty-five cases of primary nasopharyngeal carcinoma were included. These tumor biopsies were obtained from NPC patients with consent before treatment at the Department of Otolaryngology, Union Hospital of TongJi Medical College. Nine fresh nasopharyngeal tissue specimens were also collected from patients with chronic nasopharyngitis as controls with consent before treatment. All specimens were subjected to histological diagnosis by a pathologist. The male:female ratio of the NPC patients was 5.3:1.
The age range was 32-68 years (mean 51 years). On the basis of TNM stage classification (UICC 2002), 9 patients had stage I disease (13.85%), 15 patients had stage II disease (23.07%), 16 patients had stage III disease (24.61%), 13 patients had stage IVA disease (20.0%) and 12 patients had stage IVB disease (18.47%). On the basis of cervical lymph node status (metastasis or no metastasis), there was Plasmid construction. The design of siRNA targeting TKTLI and the construct of pEGFP-C1-U6/TKTL1 plasmid were described previously in reference. 6 Transfection. When CNE cells (a NPC cell line) reached 30-50% confluency, they were transfected with pEGFP-C1-U6 carrying siRNA plasmid by using Lipofectamine 2000 in six-well plates by following the manufacturer's instructions. CNE cells transfected with pEGFP-C1-U6 carrying unrelated siRNA control sequence (UC plasmid) or only pEGFP-C1-U6 plasmid (Vacant plasmid) served as control. Transfected cells were selected by using DMEM contained the following: G418, 800 mg/ml; control plasmid (pEGFP-C1-U6), control siRNA(cells transfected with vector UC) and siRNA(cells transfected with siRNA TKTL1 construct). The CNE cells were isolated 8 weeks after the selection and were detected by reverse transcription-PCR to determine the expression level of TKTL1 mRNA.
Cell culture. The CNE cell line was obtained from the Institute of Biochemistry and Cell Biology, Shanghai Institutes for Biological Sciences, Chinese Academy of Sciences. 8 CNE cells were maintained in RPMI 1640 with 10% FBS in a humidified 37°C incubator with 5% CO 2 .
Real-time polymerase chain reaction. Total RNA was extracted from above-mentioned tissues (or cells) by using TRIzol reagent (Invitrogen, California, USA) according to the manufacturer's instructions. Two micrograms of total RNA was reversely transcribed by following instruction manual. PCR was performed by using SYBR Green I dye according to the manufacturer's protocol. The PCR was carried out in a total volume of 20 μl. Real-time PCR was conducted by using the following parameters: denaturing at 94°C for 3 min, 40 cycles at 94°C for 5 s and at 57°C for 5 s. Glyceraldehyde-3-phosphate dehydro-genase (GAPDH) gene was used as an internal control and each assay included standard samples in duplicates. Data analysis was carried out by using LightCycler Data Analysis Software. In addition, PCR products were gel-separated to confirm the bands of the expected size. Basically, quantitative values are obtained from the threshold cycle number at which the increase in the signal associated with an exponential growth of PCR products starts to be detected. Final results, the amount of target gene, normalized to an endogenous reference and relative to a calibrator, is given by amount of target = 2 -ΔΔCT . where ΔΔC T = (C T ,Target -C T Actin)Time x -(C T ,Target -C T Actin)Time 0. 9 Measurements of transketolase activity. Measurements of transketolase activity in CNE cell and NPC tissue was performed as described in previously study. 6 Flow cytometry. A total of 10 4 cells of each group were seeded into a six-well culture plate, harvested after cultivation for 72 h, fixed in 70% ethanol and stained for DNA content with propidium iodide. Rate of cell apoptosis and DNA content at each stage of cell cycle were determined by flow cytometry and analyzed by CellQuest software package (Beckton, Dickinson, USA).
Cell proliferation assay. To test the effect of siRNA TKTL1 on proliferation of the CNE cell line, four kinds of cells (cells without transfection, cells transfected pEGFP-C1-U6 vacant plasmid, pEGFP-C1-U6 carrying UC plasmid DNA and pEGFP-C1-U6 carrying siRNA, respectively), at 2 x 10 3 per well, were seeded into five 96-well culture plates, with each plate having all four kinds of cells seeded separately in three rows. Absorption value of one of five culture plates was determined by 3-(4,5-dimethylthiazol-2yl)-2,5-diphenyl tetrazolium bromide at 490 nm after 24-h cultivation. Then, the absorption value of one culture plate was detected on the following 4 days. The growth curve of each cell group was plotted on the basis of the absorption values.
Statistical analysis. Statistical analysis was performed using SPSS 10.0 for Windows. ANOVA was used to assess the difference in the expression level of the TKTL1 gene among the samples from patients with different TNM stages. The t-test was used to assess the difference in the expression level of the TKTL1 gene between the samples from patients with N 0 and N 1 stages. 
